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ABSTRACT
We provide predictions for the J/ψ coherent production in the peripheral heavy ion
collisions at LHC and RHIC using the leading twist model of nuclear shadowing based on
the QCD factorization theorem for diffraction and the HERA hard diffraction data. We
demonstrate that for LHC kinematics this model leads to a bump-shape distribution in
rapidity which is suppressed overall as compared to the expectations of the color transparency
regime by a factor ∼ 6. This is a significantly larger suppression than that expected within
the impact parameter eikonal model. Thus we show that the interaction of spatially small
wave package for which the total cross section of interaction with nucleons is small is still
strongly shadowed by nuclear medium in high energy processes.
1 Introduction
Interaction of small size color singlet objects with hadrons is one of the most actively studied
issues in high-energy QCD. In perturbative QCD (similar to QED) the total cross section of
the interaction of such systems with hadrons is proportional to the area occupied by color
within projectile hadron [1] leading to the expectation of a color transparency phenomenon
for various hard processes with nuclei. In the case of incoherent processes cross sections are
expected to be proportional to the number of nucleons in the nuclei while in the case of
coherent processes the amplitude is proportional to number of nucleons times the nuclear
form factor. Possibility to approximate projectile heavy quarkonium as colorless dipole of
heavy quarks can be formally derived from QCD within the limit when mass of heavy quark
mQ →∞ but xBj = 4m
2
Q/ν is fixed and not extremely small [2]. In this kinematics the size
of heavy quarkonium is sufficiently small to justify applicability of PQCD.
Recently the color transparency (CT) phenomenon was observed at FNAL by E791
experiment[3] which studied the coherent process of dissociation of a 500 GeV pion into
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two jets off the nuclei. The measurement has confirmed a number of predictions of [4] in-
cluding the A-dependence, and the transverse and longitudinal momentum distributions of
the jets. Previously the color transparency type behaviour of the cross section was observed
also in the coherent J/ψ photoproduction at 〈Eγ〉 = 120GeV [5].
A natural question is whether the color transparency will hold for arbitrary high ener-
gies? Two phenomena are expected to work against CT at high energies leading to onset
of a new regime which we refer to as the color opacity regime. One is the leading twist
gluon shadowing. Indeed the QCD factorization for hard exclusive coherent processes with
nuclei like γ∗L + A → “V ector meson
′′ + A implies that the cross sections are proportional
to the square of the gluon parton density GA(x,Q
2) at small x which is screened in nuclei
as compared to the nucleon: GA(x,Q
2)/AGN(x,Q
2) < 1. This obviously should lead to
a gradual disappearance of color transparency [4, 6]. Another mechanism for violation of
CT at high energies is the increase of the small dipole-nucleon cross section with energy
∝ GN(x,Q
2). For sufficiently large energies this cross section becomes comparable to the
meson-nucleon cross sections and hence one may expect a significant suppression of the hard
exclusive diffractive processes like DIS diffractive production of vector meson and photo-
production of heavy quarkonium states as compared to the CT scenario. However it seems
that this phenomenon is beyond the kinematics achievable for the photoproduction of J/ψ
mesons at RHIC (x ≈ 2 · 10−2, Q2 ≈ 10GeV 2) and probably even at LHC.
It was suggested in [2, 7] to look for color opacity phenomenon using J/ψ (photo) elec-
troproduction. This however requires energies much larger than those available at the fixed
target facilities and would require use of electron-nucleus colliders. At the same time esti-
mates of the counting rates performed within the framework of the FELIX study [8] have
demonstrated that the effective photon luminosities generated in peripheral heavy ion colli-
sions at LHC would lead to significant rates of coherent photoproduction of vector mesons
including Υ in reaction
A + A→ A+ A+ V. (1)
As a result it would be possible to study at LHC photoproduction of vector mesons in Pb-
Pb and Ca-Ca collisions at energies much higher than the range Wγp ≤ 17.3GeV covered
at the fixed target experiment at FNAL [5]. Note that even current experiments at RHIC
(Wγp ≤ 25GeV ) should also exceed this limit.
Currently the theory of photoinduced processes in AA collisions is well developed, for
the recent review see [9]. Hence we can combine it with our previous studies of the coherent
photo(electro)production of vector mesons to make predictions for production of J/ψ in the
process (1). Typical transverse momenta which are exchanged between two nuclei in the
peripheral collisions which leave nuclei intact are much smaller than the typical transverse
momenta in the coherent photoproduction of vector mesons. As a result for the cross section
integrated over the momentum of the nucleus which emits the quasireal photons we can use
the standard Weizsacker-Williams approximation.
Hence the cross section of the vector meson production integrated over the transverse










Here k = γk3 is the photon momentum in the colliding frame(k3 - momentum of photon in
the rest system of emitting nucleus and γ - Lorentz factor).
For the quantity n(k,~b) presenting the flux of photons with momentum k in the collider










where K0(X) and K1(X) are modified Bessel functions with argument X =
bk
γ
and ~b is the
impact parameter distance between centres of colliding nuclei. The factor TAA(~b) accounts for








dz ρA(z,~b) is the usual profile function of the nucleus. In our calcu-
lations we use the nuclear matter density ρA(z,~b) obtained from the mean field Hartree-
Fock-Skyrme(HFS) model, which describes many global properties of nuclei as well as the
intermediate and high energy elastic proton-nucleus scattering and nucleus electromagnetic
form factors. This indicates that the HFS model provides a good description of both proton
and neutron distribution in nuclei and takes into account a small difference between the
matter distribution and the charge distribution.









s˜ = 4ENk = 4γkmN (6)
is invariant energy for γ − N scattering (EN = γmN is the energy per nucleon in the
c.m. of the nucleus-nucleus collisions), t = −|~pVt |
2 is square of the vector meson transverse
momentum.
2 Coherent photoproduction of J/ψ off nuclei
Let us discuss the photoproduction amplitude γ + A → J/ψ + A in more details. We are
interested here in the Wγp range which can be probed at RHIC and LHC. In this situation
interaction of cc¯ which in the final state forms J/ψ is still rather far from the black body
limit in which cross section can be calculated in the model independent way [10]. Several
mechanism of coherent interaction with several nucleons were suggested for this process. We
focus here on the the leading twist mechanism of shadowing. There exist qualitative
difference between the mechanism of interaction of a small dipole with several nucleons
and the case of a similar interaction of an ordinary hadron. Let us for example consider
interaction with two nucleons. The leading twist contribution is described by the diagrams
where two gluons are attached to the dipole. To ensure that nucleus remains intact in such a
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